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Abstract
Background: Supernumerary phantom limb (SPL) is a rare neurologic phenomenon, in which a patient misperceives
an extra limb in addition to the original set of limbs. We report a case of SPL in a patient with a right basal ganglia
hemorrhage and review the previous literature about this peculiar phenomenon.
Case presentation: Two days after the event of a right basal ganglia hemorrhage, a 78-year-old male reported a
phantom arm protruding from his left shoulder. He could not see or touch the phantom arm but he felt the
presence of an addition arm lateral to his paretic arm. Pain or sensory discomfort were absent in either the
paretic arm or the phantom arm. He stated that he could intentionally move the phantom arm independent of
his paretic arm. The examination showed that the passive movement of his paretic arm did not elicit any movement of
his phantom arm. We diagnosed the SPL as a complication of the hypertensive basal ganglia hemorrhage and treated
him with anti-hypertensive medications. His phantom arm persisted for 3 weeks, and it gradually faded away.
Conclusion: SPL had been reported as a rare complication of various types of cerebral lesions. Right hemispheric lesions
were most frequently associated with the SPL. Considering the intentional movement of the phantom arm, we deduced
that the SPL might result from the impairment of the sensory feedback system for both internal body image and motor
movement.
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Background
The phantom limb phenomenon is generally experi-
enced by amputees who feel a persistent sensation of the
limb that has been physically lost [1]. However, this
phenomenon is also experienced by patients without
amputated limbs. In such cases, this phenomenon is
called a supernumerary phantom limb (SPL) [2]. The
SPL had been reported as a rare complication of various
neurologic disorders, including stroke, epilepsy, auto-
immune disease, and trauma [2–7]. Herein, we report a
case of SPL in a patient with a right basal ganglia
hemorrhage and review the previous literature about this
peculiar phenomenon.
Case presentation
A 78-year-old male was admitted to our hospital with
sudden onset headache and left-sided motor weakness.
He was a well-educated retired engineer with a medical
history of hypertension. A neurological examination re-
vealed left-side homonymous hemianopia and motor
weakness with the modified medical research council
scale 2. There was a mild sensory impairment to light
touch, pain, and temperature on the left face, arm, leg,
and trunk. The proprioception was impaired in his left
toe and finger. Tactile and auditory extinction were ab-
sent. Computed tomography (CT) of the patient’s brain
showed a hemorrhage of the right basal ganglia extend-
ing medially to the thalamus and laterally to the external
capsule with an approximate volume of 50 cm3 (Fig. 1).
Considering his past medical history and the anatomical
location of the hemorrhage, we diagnosed the hyperten-
sive basal ganglia hemorrhage and treated him with anti-
hypertensive medications.
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On the second day of hospitalization, the patient
started to report the phantom arm. Beside his left paretic
arm, he felt another arm protruding from his left shoul-
der. He could not see or touch this phantom arm, but
he felt it very vividly. He reported that the phantom arm
resembled his paretic arm in size and shape (Fig. 2). The
phantom arm was not triggered by any specific condi-
tion; rather, it was persistently perceived. Closing his
eyes or looking at his real arm did not influenced this
false perception. Examination revealed that he could
intentionally move his phantom arm. He stated that the
movement was independent of his paretic arm and the
strength was the same as his unaffected right arm. He
could wave, grip or touch objects with his phantom
hand. However, when we asked him to hold a ball with
his phantom hand, he felt like the ball kept slipping out
of his hands. Also, when we asked him to pretend using
chopsticks with his phantom hand, he stated that it was
clumsy because he was using the non-dominant hand.
He also could not reach an object that was located far
away from him with his phantom arm. He did not ex-
perience any involuntary movements of the phantom
arm. When we put the glove on his paretic hand, we
stated that he was wearing a globe on his paretic hand
but not on his phantom hand. Passive movement of his
paretic arm did not elicit any movement in the phantom
arm. He did not complain of any pain or sensory dis-
comfort in either the paretic arm or the phantom arm.
He was alert and oriented to time, place, and person
with the Mini-Mental State Examination score of 30/30.
He knew that having three arms is not normal and
insisted that the phantom arm was not real. He showed
no sign of seizure, and the electroencephalography
showed that he had normal brain activity. A follow-up
neurological examination revealed no deterioration, and
brain CT showed no significant changes in the
hemorrhage.
We diagnosed the SPL as a complication of the right
basal ganglia hemorrhage. His phantom arm persisted
for 3 weeks, and it gradually faded away.
Fig. 1 Axial brain computed tomography of the patient. The hemorrhage at the right basal ganglia extended medially to the thalamus and laterally to
the external capsule
Fig. 2 Drawing of the supernumerary phantom limb by the patient.
The phantom arm protruded from the left shoulder
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Discussion and conclusions
Through a literature review, we could find 28 well-
described cases of SPL with the exclusion of cases not
written in English, and without detailed descriptions and
imaging diagnosis (Table 1).
The supraspinal lesions included the frontal lobe,
temporo-parietal lobe, basal ganglia, thalamus, and pons.
These lesions were either on the right or left, but more
frequently, they were found on the right side. All of
them were contralateral to the side of the phantom limb.
Table 1 Clinical findings of the patients with the SPL
First Authors Sex/Age Site Dx SPL (number) Onset time Movement/Pain
Supraspinal lesion
Lamb SC-K [24] M/38 Lt. cerebrum TBI, PTE Arm (2)
Leg (2)
7 weeks +/−
Cipriani G [15] M/75 Rt. TPC ICH Arm (1) a −/−
Millonig A [26] M/70 Rt. TPC Sz Arm (1)
Leg (1)
a +/−
Yoo SD [27] M/53 Lt. Pons ICH Arm (1)
Leg (1)
2 months −/+
F/51 Lt. Pons ICH Arm (1) 2 months −/+
Khateb A [19] F/64 Rt. BG ICH Arm (1) 4 days +/−
Srivastava A [28] F/59 Rt. BG ICH Arm (3–5) b 4 days +/−














Staub F [13] F/70 Lt. BG CI Arm (1)
Leg (1)
1 month +/−
Bakheit A [29] M/71 Rt. BG ICH Leg (1) 2 months −/−
Miyazawa N [30] M/42 Lt. BG ICH Arm (1)
Leg (1)
3 days −/+
McGonigle D [20] F/42 Rt. FL CI Arm (1)
Leg (1)
3 weeks +/−
Grossi D [21] M/60 Rt. TL ICH Arm (1) a +/−
Canavero S [11] F/61 Rt. BG ICH Arm (1) 6 weeks −/+
Hari R [22] F/37 Rt. FL SAH, CI Arm (1)
Leg (1)
3 weeks −/a
Mazzoni M [31] M/66 Rt. BG CI Arm (1) 8 days +/−
Worthington A [32] F/72 Rt. TPC CI Hand (1) Immediate a
Halligan P [33] M/80 Rt. MCA territory CI Arm (1) 6 months +/−
Halligan PW [34] M/65 Rt. BG ICH Arm (1) 3 days −/−
Spinal or infraspinal lesion
Melinyshyn AN [5] F/31 PN AIDP Arm (2)
Leg (2)
54 days a/a
F/57 PN AIDP Arm (2)
Leg (2)
72 days +/+
F/68 PN AIDP Arm (2)
Leg (2)
46 days +/+
Belgrade M [7] M/58 PN NS Toe (1) a +/+
Katayama O [35] M/22 SC (C2) TM Arm (2) 2 years −/+
Choi JY [36] M/43 SC (C6) TM Leg (2) 6 days −/+
Curt A [23] M/71 SC (C3) TM Arm (2) 7 days +/+
Sakagami Y [6] F/31 SC (C4) SjS Arm (1) a −/+
aIt was not described in the literature
bThe number of SPL fluctuated
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Phantom pain or sensory discomfort was reported in
four cases.
Peripheral nerve and spinal cord lesions also caused
cases of SPL. In most of the cases, the SPLs appeared bi-
laterally, and they were all associated with phantom
pain. Previous studies and the review of the cases in this
study demonstrate that the SPLs caused by the spinal
cord or peripheral nerve lesions differed qualitatively
from those caused by supraspinal lesions in that they
were more associated with pain or sensory discomfort
[8]. As for the cases of supraspinal lesions, our patient
did not complain any pain or sensory discomfort in his
phantom arm. Phantom pain is associated with ectopic
neuronal discharges from an injured nerve and the sen-
sitized dorsal horn in the spinal cord [9]. Some studies
have demonstrated that phantom pain could be relieved
by local anesthesia in a number of patients [10]. There-
fore, it can be speculated that supraspinal lesions are less
associated with phantom pain due to the absence of
pathologic changes on the spinal cord or the peripheral
nerves.
The reason why the SPL is more frequently associated
with the right side lesion than the left side is still un-
clear. The right hemisphere is mainly involved in main-
taining the internal representation of the body [11, 12].
Previous studies have proposed that the basal ganglia-
thalamo-cortical loops are associated with the occur-
rence of SPLs by demonstrating their hyperactivity
through functional magnetic resonance imaging [13].
However, the cases of various cerebral lesions and left
hemispheric lesions also suggest that information about
the representation of the body is distributed across vari-
ous areas of the brain.
The time between the onset of SPL and the causative
event varied from days to months. The short onset time
as in our case suggests a rapid plasticity of body shape
in the brain. This was well demonstrated in the rubber
hand illusion [14].When the subject watched a rubber
hand being touched synchronously with his or her own
hand, the subject felt the rubber hand just like his or her
own hand.
The body schema is continually modified by the inte-
gration of various sensory inputs as well as motor
outputs [15]. Deafferentation by the cerebral lesions may
cause a perceptual mismatch between the internal repre-
sentation of the body and the sensory inputs from the
ascending tracts, resulting in the dissociated images of
body [16]. For our patient, the basal ganglia hemorrhage
extending to the thalamus might have interrupted the
integration of ascending sensory inputs, resulting in the
phantom limb, which was not modified by the sensory
inputs.
One interesting finding was that our patient could con-
trol the movement of his phantom arm. Unlike his paretic
arm, the strength of the phantom arm was the same as
that of the normal arm. However, any sensory stimulation
on the paretic arm did not elicit changes in the phantom
arm. Therefore, we could infer that the phantom arm was
influenced by the motor information but not by the sen-
sory information. This can be explained by the efferent
copy model [17]. In the intentional movement, the brain
programs a set of muscle movements and uses a copy of
the efferent motor command to match with the resulting
movement [18]. In the absence of sensory feedback due to
the cerebral lesion and the preserved efferent copy, the
perception of a movement may be made based on its pre-
dicted movement rather than on the actual movement.
This may cause a false perception of body movement
(Fig. 3) [18].
Another interesting finding was that the patient could
not use the chopstick with the phantom hand as skillful
as with his dominant hand. This suggests that, the per-
ception of the phantom arm might be based on the
learned motor representation. Due to the lack of motor
representation for using the chopstick, the patient could
not use the chopstick with the phantom arm. Also, the
patient’s phantom arm could not reach an object located
far away. This suggests that, although his phantom arm
was not influenced by sensory information, it was influ-
enced by the preformed body representation.
Antoniello et al. demonstrated that among 50 post-
stroke patients, 24 patients experienced the voluntary
movement of their SPLs [8]. However, whether the SPL
moved independently of the affected limb and whether
the SPL was perceived only during voluntary action were
not clearly described. Both voluntary and involuntary
Fig. 3 Proposed mechanism of the supernumerary phantom limb with its intentional movement. In absence of sensory feedback, the perception
of the movement could be made based on its predicted outcome rather than on the actual outcome
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movement of SPLs were reported in many studies
[13, 19–25]. In previous cases, it was reported that
the SPL was triggered only during voluntary action
[13, 19–21] or simply followed the action of the af-
fected limb [22, 23]. However, our patient perceived
his SPL without voluntary action and could move his
phantom arm independently from his paretic arm.
Through detailed examination of the SPL, we specu-
lated that the SPL of our patient was caused by both
the disintegration of sensory inputs on the preformed
body image and the misperception of body image
from the voluntary motor outputs.
In conclusion, our case as well as the reviewed cases
illustrate that an SPL can be caused by various types of
cerebral lesions, and it might result from the impairment
of the sensory feedback system for both internal body
image and motor movement.
Abbreviations
AIDP: Acute inflammatory demyelinating polyradiculoneuropathy; BG: Basal
ganglia; CI: Cerebral infarction; Dx: Diagnosis; FL: Frontal lobe;
ICH: Intracerebral hemorrhage; Lt: Left; MCA: Middle cerebral artery;
NS: Neurosarcoidosis; PN: Peripheral nerve; PTE: Post-traumatic epilepsy;
Rt: Right; SAH: Subarachnoid hemorrhage; SC: Spinal cord; SjS: Sjogren’s
syndrome; SPL: Supernumerary phantom limb; Sz: Seizure; TBI: Traumatic






Availability of data and materials
Not applicable.
Authors’ contributions
HR acquired the clinical data and drafted the manuscript. JY, YH, BJ and WJ
contributed the conception of the manuscript. SY revised the manuscript
and contributed the conception of the manuscript. All authors have read
and approved the final version of the manuscript.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Written informed consent was obtained from the patient for publication of
this case report and any accompanying images.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 20 May 2017 Accepted: 4 September 2017
References
1. Ramachandran VS, Rogers-Ramachandran D, Cobb S. Touching the
phantom limb. Nature. 1995;377:489.
2. Brugger P. Supernumerary phantoms: a comment on Grossi, et al.‘s (2002)
spare thoughts on spare limbs. Percept Mot Skills. 2003;97:3–10.
3. Melzack R. Phantom limbs and the concept of a neuromatrix. Trends Neurosci.
1990;13:88–92.
4. Riddoch G. Phantom limbs and body shape. Brain. 1941;64:197-222.
5. Melinyshyn AN, Gofton TE, Schulz V. Supernumerary phantom limbs in ICU
patients with acute inflammatory demyelinating polyneuropathy.
Neurology. 2016;86:1726–8.
6. Sakagami Y, Murai T, Sugiyama H. A third arm on the chest: implications for
the cortical reorganization theory of phantom limbs. J Neuropsychiatry Clin
Neurosci. 2002;14:90–1.
7. Belgrade M. Supernumerary phantom limb pain in a patient with
neurosarcoidosis and peripheral neuropathy. J Pain. 2015;16:S58.
8. Antoniello D, Kluger BM, Sahlein DH, Heilman KM. Phantom limb after
stroke: an underreported phenomenon. Cortex. 2010;46:1114–22.
9. Woolf CJ, Shortland P, Coggeshall RE. Peripheral nerve injury triggers central
sprouting of myelinated afferents. Nature. 1992;355:75.
10. Birbaumer N, Lutzenberger W, Montoya P, Larbig W, Unertl K, Töpfner S,
Grodd W, Taub E, Flor H. Effects of regional anesthesia on phantom limb
pain are mirrored in changes in cortical reorganization. J Neurosci. 1997;17:
5503–8.
11. Canavero S, Bonicalzi V, Castellano G, Perozzo P, Massa-Micon B. Painful
supernumerary phantom arm following motor cortex stimulation for central
poststroke pain: case report. J Neurosurg. 1999;91:121–3.
12. Donnet A, Schmitt A, Poncet M, Graziani N, Grisoli F. Hallucinations of
supernumerary limbs, left hemineglect and hypersexuality in a case of right
capsulo-lenticular hematoma. Rev Neurol. 1997;153:587–90.
13. Staub F, Bogousslavsky J, Maeder P, Maeder-Ingvar M, Fornari E, Ghika J,
Vingerhoets F, Assal G. Intentional motor phantom limb syndrome.
Neurology. 2006;67:2140–6.
14. Botvinick M, Cohen J. Rubber hands’ feel’ touch that eyes see. Nature. 1998;391:
756.
15. Cipriani G, Picchi L, Vedovello M, Nuti A, Di Fiorino M. The phantom and the
supernumerary phantom limb: historical review and new case. Neurosci Bull.
2011;27:359–65.
16. Schwoebel J, Coslett HB. Evidence for multiple, distinct representations of
the human body. J Cogn Neurosci. 2005;17:543–53.
17. Blakemore S-J, Wolpert DM, Frith CD. Central cancellation of self-produced
tickle sensation. Nat Neurosci. 1998;1:635–40.
18. Gandevia SC, Smith JL, Crawford M, Proske U, Taylor JL. Motor commands
contribute to human position sense. J Physiol. 2006;571:703–10.
19. Khateb A, Simon SR, Dieguez S, Lazeyras F, Momjian-Mayor I, Blanke O,
Landis T, Pegna AJ, Annoni JM. Seeing the phantom: a functional magnetic
resonance imaging study of a supernumerary phantom limb. Ann Neurol.
2009;65:698–705.
20. McGonigle D, Hänninen R, Salenius S, Hari R, Frackowiak R, Frith C. Whose
arm is it anyway? An fMRI case study of supernumerary phantom limb.
Brain. 2002;125:1265–74.
21. Grossi D, Cesare GD, Tamburro RP. On the syndrome of the ‘spare limb’:
one case. Percept Mot Skills. 2002;94:476–8.
22. Hari R, Hänninen R, Mäkinen T, Jousmäki V, Forss N, Seppä M, Salonen O.
Three hands: fragmentation of human bodily awareness. Neurosci Lett.
1998;240:131–4.
23. Curt A, Yengue CN, Hilti L, Brugger P. Supernumerary phantom limbs in
spinal cord injury. Spinal Cord. 2011;49:588–95.
24. Lamb SC-K. Posttraumatic visualized supernumerary phantom limbs: a case
presentation. PM R. 2017;in press
25. Tanaka H, Arai M, Kadowaki T, Takekawa H, Kokubun N, Hirata K. Phantom
arm and leg after pontine hemorrhage. Neurology. 2008;70:82–3.
26. Millonig A, Bodner T, Donnemiller E, Wolf E, Unterberger I. Supernumerary
phantom limb as a rare symptom of epileptic seizures—case report and
literature review. Epilepsia. 2011;52:e97–e100.
27. Yoo SD, Kim DH, Jeong YS, Chon J, Bark J. Atypical supernumerary phantom
limb and phantom limb pain in two patients with pontine hemorrhage. J
Korean Med Sci. 2011;26:844–7.
28. Srivastava A, Taly AB, Gupta A, Murali T, Noone ML, Thirthahalli J, Gangadhar B,
Kumar JK, Jayakumar P. Stroke with supernumerary phantom limb: case study,
review of literature and pathogenesis. Acta Neuropsychiatrica. 2008;20:256–64.
29. Bakheit A, Roundhill S. Supernumerary phantom limb after stroke. Postgrad
Med J. 2005;81:e2.
30. Miyazawa N, Hayashi M, Komiya K, Akiyama I. Supernumerary phantom
limbs associated with left hemispheric stroke: case report and review of the
literature. Neurosurgery. 2004;54:228–31.
Kim et al. BMC Neurology  (2017) 17:180 Page 5 of 6
31. Mazzoni M, Lucchin C, Meucci G, Vista M, Moretti P, Sartucci F.
Supernumerary phantom limb after ischaemic stroke. Neurocase. 1997;3:
223–30.
32. Worthington A, Beevers L. Two arms, three hands—a supernumerary
phantom phenomenon after right middle cerebral artery stroke. Neurocase.
1996;2:135–40.
33. Halligan P, Marshall J. Supernumerary phantom limb after right hemispheric
stroke. Journal of neurology, neurosurgery, and. Psychiatry. 1995;59:341.
34. Halligan PW, Marshall JC, Wade DT. Three arms: a case study of
supernumerary phantom limb after right hemisphere stroke. J Neurol
Neurosurg Psychiatry. 1993;56:159–66.
35. Katayama O, Iki H, Sawa S, Osumi M, Morioka S. The effect of virtual visual
feedback on supernumerary phantom limb pain in a patient with high
cervical cord injury: a single-case design study. Neurocase. 2015;21:786–92.
36. Choi JY, Kim HI, Lee KC, Han Z-A. Atypical supernumerary phantom limb
and phantom limb pain in a patient with spinal cord injury: case report.
Ann Rehabil Med. 2013;37:901–6.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Kim et al. BMC Neurology  (2017) 17:180 Page 6 of 6
